The difficulties of obtaining accurate radiographic knowledge of the mastoids have been many. However, these have been largely overcome in the past few years by improved positions for both the patient and the tube, so that the work of the roentgenologists have greatly facilitated an accurate diagnosis. In fact, almost every case should be submitted to an X-ray examination of the right and left mastoid prior to operation.
Any study of radiograms of the mastoids is of very little value unless one realizes what should be seen not only in the normal but in the abnormal. Iglauer/ Lange,2 Birkett,3 Pirie 4 and others have all been pioneers in this field of otology and have worked with the roentgenologist. It has been their untiring efforts which have made this work of practical value in the diagnosis of mastoiditis, especially of the acute type. More recently a very valuable article has appeared by Bigelow 5 from which I shall quote freely. _ Whiting 6 has emphasized the importance of looking for the lateral sinus well forward in a long, narrow mastoid process while operating. Conversely it lies far back, as a rule, in a wide process. The pneumatic and diploic types have long been recognized anatomically and surgically, as well as a combination of these two. Theoretically a pneumatic mastoid should be the easiest to examine by X-ray. However, a very thick cortex over all or most of the cells may increase the difficulty of recognizing the individual cell structure, thus making the process look a trifle cloudy, when in reality it is clear. Conversely a thin cortex may give a rather clear radiogram when the cells are at least slightly diseased. It is almost 'Read before the Mid-Western Section meeting of the American Laryngological, Rhinological and Otological Society, Colorado Springs, February 26th, 1921. needless to state that with extensive necrosis, granulations and pus throughout the mastoid there should be very little difficulty in obtaining a radiogram which will show the extensive destruction. However, it is not a case, with such marked involvement, in which the X-ray is most needed~s an aid in diagnosis but a case in which the clinical evidences are less pronounced:
The diploetic type of thick cortex is almost certain to give a slight suggestion of haziness even when the cells are normal. Therefore, the roentgenologist can state only what he finds and his report, like those from the other laboratories. must be weighed and compared with all the rest of the clinical evidence before deciding for or against operation. In spite of this fact, Bigelow" very properly says, "The X-ray is our best consultant," or words to that effect; and, "When in doubt, radiograph; if still in doubt, operate." If his advice is followed there will be fewer exploratory mastoidectomies required, because the X-ray affords one of the best means of determining what changes are taking place ill' the mastoid process.
If the lateral sinus is well forward, where it may be unintentionally opened, the radiogram will usually show this. However, if well covered with dense cortex, necrotic cells, granulations and pus it is almost impossible to detect its bony groove. The X-ray differentiates densities, so that if all is very dense in the mastoid process the details areJost.
Cheatle 789 10 has written extensively upon the mastoid anatomically and he has the following to say: "I apply the term 'infantile' to those bones which retain throughout life the characteristics of the outer antral wall and the mastoid mass as seen in infancy. On making a lateral vertical section through the antrum and the mastoid mass in infancy it wi!" be seen that the outer wall of the antrum is composed of two layers; a thin outer layer of compact bone and an inner layer of fine cells. These cells are formed before birth, therefore I call them the 'fetal cells' to distinguish them from any which may form in later life and from which they can be differentiated always by their fineness and inward direction. The mastoid mass is, as a rule, diploet1c, but it may be formed of dense bone. If the mass is diploetic, a thin layer of compact bone, which can be easily demonstrated by scraping away the diploe, separates it from the antral cavity. There are, therefore, two types in infancy: one in which the mastoid mass is diploetic, and one in which the mastoid mass is dense. Each type may p€rsist all through life but, of course, on an exaggerated scale." . Type l.-"The diploetic type in the adult. In this type the thin outer compact layer of the antral wall has increased in thickness from the periosteal side and is of extreme density; the inner layer of 'fetal cells' is still seen; the mastoid mass is entirely diploetic and the separating layer between the diploe and the cavity of the antrum is much increased in thickness. Whenever the mastoid process is entirely diploetic the outer antral wall is always formed of dense bone. This type is seen in about twenty per cent of all bones, and it can be seen at all ages.
Type 2.
-"The dense form in the adult. In this type the dense mastoid mass persists all through life, but the outer antral wall remains the same as in the diploetic type, the outer layer being very much increased in thickness and of extreme density, while the inner layer of 'fetal cells' is still seen. This form is seen in only about one or two per cent of all bones.
"The outer antral wall is often of great thickness as well as density in these infantile types. The greatest depth of antrum from the surface is seen in them and it may measure threequarters of an inch (19 m. m. ).. A forward lateral sinus is usual and is found much more frequently and to a ,much greater extent than in the cellular types. The sinus often comes well forward below the level of the antrum and may reach the posterior meatal wall, or it may even dip in between the cavity of the antrum and the surface. The antrum may be large or small; if large, the posterior wall may be of extreme thinness and translucency, and may have either the cerebellum or lateral sinus. or both, lying against it In some specimens the posterior antral wall is pushed in by the cerebellum thus narrowing the antral cavity from before backward. As in all types, the antrum may be highly place'd, or the middle fossa may dip down either .between the antral cavity and the surface or external to the superior semicircular canal, causi"ng .a low, flat antrum."
If the otologist will bear in mind Cheatle's classification while studying the radiogram and while operating there will be less opportunity for errors in interpretation. " Iglauer,l in 1909, advocated taking the radiogram at an oblique angle in order to avoid the dense bone at the base of the skull, which in the horizontal plane would be superimposed. To quote him exactly, he has the following to say: "The radiograms were taken in an oblique profile, i. e., the rays coming from the target were made to center just below the parietal eminence on one side of the skull and were directed through the cranium in the direction of the temporal bone on the opposite side of the skull. At this angle the best skiagrams were obtained. In this position Dr. Lange found that the axis of the X-ray diaphragm was tilted upward at an angle of 25 degrees from the base of the skull (Reid's line) and that it was inclined backward 20 degrees from the vertical plane passing through both external auditory canals." While Iglauer's technic is a very desirable one to follow, this position can be varied slightly by different technicians and yet give satisfactory results. The important things to remember are as follows:
1. The dense bones at the base of the skull are not superĩ mposed upon the mastoid. . 2. The mastoid rests directly against the film or negative when the exposure is made, thus insuring more accurate detail in the radiogram. I believe the method described and advocated· by Iglauer in 1909, or some modification of this, will probably give the best exposure with the least likelihood of faulty interpretation. However, this does not permit the taking of stereoscopic plates.
I have often noticed a very good picture of the tip cells in stereoscopic radiograms of the accessory sinuses taken anteroposteriorly, especially in certain types of wide skulls. However, this exposes only a very limited portion of the mastoids. This position was utilized by Kuhne ll and P1agemann 12 in 1908 in their efforts to secUre a satisfactory exposure. VOSS13 andWinkler 14 used the transverse position in 1907.
Stereoscopic radiograms of the accessorv sinuses. taken laterally, often show the mastoids very clearly. However, I cannot recommend this method in preference to Iglauer's.
Ingersoll 15 has emphasized the differentiation, which a good mastoid radiogram gives, between slight involvement of the cells and areas of necrosis with destruction of bone and also the absence of involvement of the tip cells in a sclerosed mastoid prior to a radical operation. Hence the necessity of not opening the tip. He believes, in acute cases of the pneumatic type, with areas of necrosis showing, we should operate early and bases this opinion on the radiographic findings.
Bigelow 5 believes a radiogram will, in most instances, help us at least to detect what the Harvard otologists call a "double decked" mastoid, which consists of two strata of cells separated by a bony partition more or less completely dividing the process into two parts. With a well taken radiogram the deeper cells are less apt to be overlooked at the time of operation.
One is usually able to fecognize the following: The external auditory meatus, the mastoid antrum, the internal auditory meatus, the lower boundary of the middle cranial fossa, and sometimes the groove for the lateral sinus as well as the boundary of the posterior cranial fossa. 1£ the tip cells are large these can be more easily seen than the smaller and higher cells.
As otologists we are especially anxious to know in what per cent of the cases the roentgenographic findings are corroborated at the time of operation. With this question in mind I examined the X-ray reports of 100 cases of mastoiditis in the -Ear, Nose and Throat Clinic at the Base Hospital, Camp Lewis, Washington. Of this number fully 80 per cent confirmed the X-ray findings at the time of operation. In many of the case records either the X-ray or operative findings or both were very briefly or even incompletely written down. All of these indefinite or doubtful cases are inch,lded in the 20 per cent. I believe if the notes had been complete for all of the 100 cases that the X-ray findings would have been confirmed by operation in more than 80 per cent.
Are not these figures conclusive evidence of the value of an accurately taken radiogram? Are other lines of laboratory diagnosis apt to yield a higher percentage of aid in making the complete diagnosis? I am not advocating too great dependence upon roentgenographk findings, especially to the -exclusion of other methods of diagnosis, but I do believe the
